In the last decade a number of algorithms and associated software were 10 developed to align next generation sequencing (NGS) reads to relevant ref- 11 erence genomes. The results of these programs may vary significantly, espe-12 cially when the NGS reads are contain mutations not found in the reference 13 genome. Yet there is no standard way to compare these programs and assess 14 their biological relevance. 15 We propose a benchmark to assess accuracy of the short reads mapping 16 based on the pre-computed global alignment of closely related genome se-17 quences. In this paper we outline the method and also present a short report 18 of an experiment performed on five popular alignment tools.
Introduction 22
Next Generation Sequencing (NGS) technologies provide fast and cost-23 effective alternatives to the established Sanger sequencing, and powers im-24 pressive scientific achievements and development of novel biological applica-25 tions in medicine, ecology, forensics, epidemiology and other fields of science 26 [30, 31] . High throughput NGS technology comes with challenges in man-27 aging large datasets and the "big data" questions in biology. Open access 28 publications and public domain data liberation, made way for development 29 of a plethora of tools for analysis of these datasets. With hourly paid cloud-30 based computing services being increasingly available, researchers are now 31 in need of a benchmark method to select the perfect tool, that is fit for It is important to determine the limits of applicability of the reference-80 based alignment method depending on the divergence between the reference 81 and target species. In this paper we chose a simulation approach using global 82 whole genome alignments as gold standards. Simulation enables us to gen-83 erate "NGS reads" of arbitrary length without investing in sequencing, map 84 them to a reference genome and assess the correctness of a mapped position. 85 To estimate error rate of these programs we propose a benchmark, which 86 uses the large-scale alignment between syntenic regions of genome sequences 87 as the true alignment. The aligned fragments of the whole genome alignment 88 were cut into short sequence 'reads and the ability of different programs to 89 reproduce the true alignment using these reads was tested. This proposed 90 benchmark is a convenient way to select programs that are most suitable 91 for the reference-based genome assembly. It gives clear, realistic and robust 92 estimates of the accuracy of the alignment programs. The benchmark also 93 defines the limits of sequence similarities for selecting a reference genome.
95
In this paper, we compare performance of the five popular freely avail- The F1 score can be interpreted as a weighted average of the precision 156 and recall, where an F1 score reaches its best value at 1 and worst score at 157 0: As proposed in the method, to maintain consistency we used Escherichia 185 coli O6 CFT073 genome as a reference genome. We used the second genome Table 2 presents a list of the tools and their versions that was used.
196
To maintain consistency, we did not use the latest versions of all the tools is mismatch-dependent. In an earlier study [14] it was observed that the 243 suboptimal hits reduce from 21% to 1%, when mismatch rate was changed 244 from 2 to 6 mismatches invoking the different behavior of the tool, which CONCLUSIONS 250 We developed and experimented a benchmark strategy to assess the cor-251 rectness of alignments produced by different tools. We tested our method 252 on five tools and on a set of case study data. Our tested method proves 
